The normal physiological consequences of aging alter body size and composition. These alterations affect or are affected by weight-related health conditions and nutritional status. Elderly persons who lose body weight are reported to have a lower survival rate than those who gain weight or remain stable [1, 2]. A loss of weight also reduces levels of functional activity, is associated with depressed immune function and increases the risk of morbidity and mortality [3] . Following a severe illness, normal physiological function is not regained until weight and body composition are restored to their pre-illness levels [3] . There is also the effect of sarcopenia or a loss of muscle tissue with age upon body strength, gait, and balance, which increases the risk of falls and subsequent injury [4, 5] . These changes in weight and body composition, if severe or of a sufficient duration during illness, can exacerbate the outcomes of chronic disease and increase the risk for infirmity or physical disability [4, 6] . The overall impact of these changes in body composition can be a decline in function and a decline in health status.
The normal physiological consequences of aging alter body size and composition. These alterations affect or are affected by weight-related health conditions and nutritional status. Elderly persons who lose body weight are reported to have a lower survival rate than those who gain weight or remain stable [1, 2] . A loss of weight also reduces levels of functional activity, is associated with depressed immune function and increases the risk of morbidity and mortality [3] . Following a severe illness, normal physiological function is not regained until weight and body composition are restored to their pre-illness levels [3] . There is also the effect of sarcopenia or a loss of muscle tissue with age upon body strength, gait, and balance, which increases the risk of falls and subsequent injury [4, 5] . These changes in weight and body composition, if severe or of a sufficient duration during illness, can exacerbate the outcomes of chronic disease and increase the risk for infirmity or physical disability [4, 6] . The overall impact of these changes in body composition can be a decline in function and a decline in health status.
Assessing nutritional status in the elderly is critical for determining and maintaining health status. Poor nutritional status in the elderly is related to the increased risk of morbidity, and frank malnutrition is associated with an increased incidence of morbidity and mortality [7, 8] . In addition, nutritional status, which is reflected in body composition, is related to the overall quality of life and health and the demand for and cost of health services [9] [10] [11] [12] . These relations are well recognized, but often poorly addressed because of the lack or limited availability 14 of suitable screening techniques and methods of assessing nutritional status. Laboratory and clinical methods are available, but may not be appropriate in some nonclinical settings or are associated with high costs that may limit insurance or government health service payment.
In the United States, the assessment of nutritional status of the elderly has a distinct role in the application of managed care to health services for the elderly. This assessment role is similar to that used to assess mental, cognitive, and functional status by the several standardized tests available for these conditions [13] . Attempts by some at screening for or indexing nutritional status have been directed at the general population or specifically at hospital inpatients [10, [14] [15] [16] . Screening the nutritional status of hospital and surgical patients for risk of complications can lead to improvements in the management and care of these individuals. At the same time, increasing the elderly public's awareness of its nutritional condition is an important part of public health [17] . However, some of the screening tools or indices are not adequate for identifying the elderly person who, while supposedly well-nourished, is at risk of becoming malnourished [16] .
The Mini Nutritional Assessment (MNA) is a practical, noninvasive technique for rapidly evaluating the potential risk of malnutrition among elderly persons in clinics, at home, or in nursing homes by health care professionals as a part of regular care or for acute and chronic conditions [13, 17, 18] . The MNA has received recognition as a suitable screening tool and has been validated to a limited degree in samples of elderly persons from several countries [19, 20] . However, the relation of MNA scores to actual measures of body stores of muscle and adipose tissue or body composition has not been addressed. The present report looks at the association of MNA scores in healthy adults to their measured levels of body composition, that is, fat-free mass (FFM), total body fat (TBF), and percent body fat (%BF). If the MNA is to be a useful nutritional assessment screening tool, then MNA scores should bear, to some degree, a real relation with the amounts of these body components, regardless of a person's age.
Methods
Our study sample included 24 men and 37 women, 20-78 years of age. These were healthy, free-living persons who were participants in Health Assessment 2000, a National Institutes of Health funded study of multifrequency bioelectrical impedance at Wright State University School of Medicine. The MNA was administered by a trained health researcher, and the participant's answers recorded into a laptop computer. Details of the MNA, development of its scoring system, and validation have been reported [13] . Anthropometry was collected using methods similar to those used in the National Health and Nutrition Examination Surveys [21] . Individual values for body composition (FFM, TBF, and %BF) were ob- tained from dual energy X-ray absorptiometry (DXA) scans using a Lunar DPX machine with 3.6z software [22] . Laboratory values for hemoglobin, hematocrit, total cholesterol, and triglycerides were determined at a local certified laboratory. Fasting blood was not drawn. All procedures were approved by the Institutional Review Board of Wright State University.
Results
In this sample, the men, on average, were significantly (p ! 0.05) taller, heavier, and had a greater FFM than the women, who had greater TBF and a higher %BF than the men. There were six men and four women with MNA scores between 20 and 23, placing them within the proposed range for "at risk" of malnutrition (17 to ! 24). The remainder of the sample (19 men and 32 women) had MNA scores between 24 and 30, indicating that they were "well-nourished" according to the scoring criteria established for the MNA [13] . The univariate statistics for the measured variables in the at-risk and well-nourished groups of men and women are presented in Tables 1 and 2 , respectively.
In the at-risk groups of men and women, there were no distinguishing characteristics among the measured variables that were significant when compared with corresponding values in the well-nourished groups. The means for FFM, TBF, and %BF of the at-risk groups of men and women were similar to those of the well-nourished groups. This was also true for the other measured or calculated variables (Tables 1 and 2 ). Some men and women in the at-risk groups were obese in terms of body composition values for FFM, TBF, %BF, and body mass index (BMI, kg/m 2 ). At the same time, there were men and women in the well-nourished group who had low levels of body fatness. All the participants were also given the MOS 36-item short-form health survey (SF-36) to assess their levels of health and physical function, both of which were high [23] . When the SF-36 scores for the eight health status scales or components were divided between the at-risk and well-nourished groups of men and women, there were again no distinguishing intergroup differences (Table 3) . A high component score is an indication that an individual is performing a high level in that component and has no problems related to the performance of that component [23] . For some of the components, the SF-36 scores were slightly lower in the at-risk groups than in the well-nourished groups, such as for bodily pain and general health in the men, physical function and social function in the women, and for mental health in both the men and women. Among other SF-36 component scores, such as for vitality, the at-risk groups had slightly higher scores than the well-nourished groups.
To determine if there were specific questions in the MNA that were categorizing well-nourished or even obese individuals as at risk of malnutrition, we compared the answer to the individual MNA questions between the at-risk and well- (Table 4) . A ¯2 analysis found significant (p ! 0.05) group differences for only three of the MNA questions: recent weight loss; recent psychological stress or acute disease, and servings of fruit and vegetables. These were the only questions that distinguished the answers of the at-risk groups from those of the well-nourished groups.
Discussion
In the at-risk groups, the ages of the four women were between 40 and 70 years, 2 of the men were younger than 40 years, and the remaining four men were between 50 and 60 years of age. Means for measures of FFM, TBF, %BF, and arm and calf circumferences and for calculated values of BMI for the 10 men and women at risk of malnutrition were not different from corresponding means for the 51 well-nourished men and women. Thus approximately 16% of the present sample were identified as at risk for malnutrition, but their levels of body composition and laboratory blood values were similar or fell within the range of those in the sample identified as well-nourished. Values for albumin were not measured.
Our findings indicate that the current version of the MNA may have some limitations in its sensitivity and specificity in relation to measured values for body composition, owing to this apparent categorization of some healthy individuals as at risk for malnutrition. In general, there was nothing identifiable about the at-risk group that indicated why they were classified in this manner by the MNA. In fact, some of the at-risk men and women were clearly obese and some of the well-nourished group were thin. Some of the men and women in the at-risk group had high BMI values, well above 27 which is considered a cutoff point for obesity. These same individuals had %BFs of 35% to 50%. In addition, some of the at-risk men and women had low BMI values of 19 to 21, as did members of the well-nourished group. There is much justifiable concern regarding low levels of BMI, FFM and sarcopenia among the elderly [24] . At the same time, obesity is also common among the elderly [25] [26] [27] .
High and low values of BMI are associated with increased risks of disease, and the relation of BMI with all cause mortality is reportedly U-shaped [28] . Mortality associated with low BMI consists of tuberculosis, obstructive lung disease, and lung and stomach cancer. The mortality associated with high BMI is cerebrovascular and cardiovascular disease, diabetes, and colon cancer. Using a cutoff definition for risk of overweight or underweight based on adequacy of BMI, one can map the prevalence of overweight and underweight conditions. However, the cutoff points for centiles as markers for obesity or undernutrition are not clearly established at any age. High and low levels of BMI have been reported to be associated with poor health (medical, psychological, and sociological factors) among the elderly [29] . If BMI is to be used as a marker in the elderly, it should be noted that it is influenced by declining bone mass and changes in hydration of the fat-free body with age; as such, this may limit its value.
Some of the SF-36 components or questions are similar to questions on the MNA that relate to perceived health and emotional and psychological stress. However, there was no apparent trend among the SF-36 health status scores that identified the MNA at-risk groups. When we looked at individual MNA questions, there were three with significant group differences. More people in the atrisk group had lost weight recently than in the well-nourished group. A loss of 19 weight is an indicator of poor nutritional status. However, it is most likely that in these healthy individuals a loss of weight was due to voluntary dieting. This sample was self-selected and could be biased by the inclusion of health-conscious persons who were very interested in their body composition. It may be important to qualify this question to identify individuals on diets or exercise programs.
The second question related to a recent acute illness or psychological stress. This question may be misinterpreted. Obviously, dieting is a psychological stress, and an acute illness could be a cold, sore throat, or flu. It may be important to qualify this question to identify the length of the acute illness, amount of bed rest, length of recovery, or severity or classification of the psychological stress such as loss of a spouse.
The third question related to servings of fruits and vegetables. The answer to this question can be seasonably affected, but most probably reflects possible dieting or lifelong food habits or preferences. There could also be some confusion as to what is a fruit or a vegetable. Potatoes are a vegetable, but are servings of French fries important? Instead, do we want to know about the servings of green leafy vegetables? Surprisingly, the answer to the number of meals per day among these two groups was not different, so the possible dieters were not skipping meals. Since the MNA is used in numerous different cultures, this could be a culturally specific question or one related to lifestyle.
Some other issues to consider as possible questions or qualifiers to the MNA are the level of physical activity, smoking status, socioeconomic level, and type of health care provider. In the USA, a low socioeconomic status and Medicare can explain many apparent race, ethnic, and nutritional differences among groups across the population. A low socioeconomic status is an indicator of possible poor health status and level of care. An additional question concerns the validity of the MNA. To what type of elderly individual person and under what kind of setting should the MNA be administered? There are already clear cases where the MNA has been validated in nursing home and hospital-bound elderly [13, 17] . Should the MNA be used by dietitians monitoring healthy, free-living elderly in retirement villages? How is the MNA to be used for assessing the nutritional status of home-bound, inner city elderly persons of color? Is there a younger age limit to the MNA?
Conclusion
Body composition is an interdependent, multifaceted quantity that is directly related to health and nutritional status. We are capable of determining when the amount or level of FFM starts to decrease or when the distribution of tissues in the body's composition shifts toward a greater than normal level of fat or adipose tissue. In an individual with these conditions, the risk for disease and early death increases, but the magnitude of the changes relative to the threshold for the 20 increased risk is affected by the age, sex, race, living habits, and nutritional status. The MNA is an accepted screening method for classifying the nutritional status or risk of malnutrition (undernutrition) of elderly individuals. The comparison of the MNA scores with concurrent levels of body composition in this study indicates that the MNA does not clearly discriminate differences among all individuals in terms of levels of FFM or body fatness. To clarify these levels in relation to under-or overnutrition, additional studies are recommended to increase the sensitivity and specificity of the MNA in relation to measured values of body stores of fat and protein. Such studies should include state-of-the-art body composition techniques in combination with anthropometry and biochemical measures as defined outcomes. In addition, consideration should be given to the ability of the MNA to detect changes in nutritional status over time. Health care professionals will not just use the MNA once, but will repeat it on the same individuals. How should these repeated assessments be interpreted in relation to real changes in body composition and nutritional status?
Discussion
Dr. Morley: When you looked at body composition, particularly in the people who may be losing weight, did you try to correct for the discrepancies in mid-body circumference by using a fat control in the population?
Dr. Chumlea: No, those were just the absolute DXA values. Dr. Vanderbroele: As I understand it, MNA is validated for elderly people, but the range of your patients was 20-78 years according to your slides. What is the value of doing the analysis in younger people with an instrument that has been validated in elderly people?
Dr. Chumlea: The point I was making is that if the MNA is to be used to identify people who are well nourished, then in a sample that is well nourished, it should not misidentify anybody as being at risk. Within this sample, however, it identified 16% of the healthy population as being at risk from malnutrition, so we were looking for reasons why this group was identified. It would appear that this may relate to dieting and to misinterpretation of questions. If we have a potential error of 16% in a sample of elderly people, the number of false-positives will be substantial.
Dr. Morley: I think that you may be wrong in saying that people who are dieting are healthy. A study of ours in the American Journal of Medicine [1] shows that one of the commonest presentations of malnutrition in middle-aged people is a therapeutic diet. Therefore it would be good if the MNA picked up dieting people as being at risk. Most physicians assume that if you put somebody on a weight-reducing or low-cholesterol diet, that is good for them. But some people take this to excess, so I don't think it is necessarily bad that dieting shows up positive. All studies will have false-positives, but you need to be aware of those.
Dr. Miller: There was also some work from Seattle in elderly people who lost weight on purpose: they had an excess mortality compared with those who did not [2] . I think this is potentially a dangerous practice in older people. In our population of African-Americans we have many obese people, but I'm unhappy about trying to get them to lose weight, because we don't know what the effects may be. I wonder to what extent we need to differentiate between evaluating status -that is, where they are now -and risk -where they're headed. I'm using a slightly different term to what you've been talking about here. Maybe one thing that we need to be doing in MNA is to try to see how well it predicts future problems.
Dr. Chumlea: You obviously want to know the person's status at a particular point in time, which gives you specific information, and it may also be that MNA scores are predictive of morbidity or mortality at some point in the future, depending upon age and other factors. So yes, it would be definitely nice to have a measure of current status that has predictive value as well; this could then be used clinically to make further adjustments to dietary management.
Dr. Vellas: Do you have any data on MNA scores in obese people? Dr. Chumlea: In our sample there were people who had MNA scores below 23 and had 50% body fat. It's worth remembering that an elderly person with muscle wasting who maintains body fat unchanged is effectively becoming obese. People with normal body weight but low muscle mass and a high percentage of body fat may be as much at risk of other nutritional and health problems as frankly obese people.
Dr. Guesry: Don't you think there is probably an age threshold for obesity as a risk factor? You mentioned that it ranks No. 5, but I suppose that it is in adults of around 60-65 years of age. In 80-year-old people obesity may no longer be a risk factor.
Dr. Chumlea: Probably not, except for the matter of physical activity levels. The overweight old person may have more muscle wasting because of reduced activity, which could be harmful.
